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The possible existence of a new gauge boson U , light and very weakly coupled, allows for Light Dark Matter
particles, which could also be at the origin of the 511 keV line from the galactic bulge. Independently of dark
matter, and taking into account possible Z-U mixing effects, we show that, even under favorable circumstances
(no axial couplings leading to an axionlike behavior or extra parity-violation effects, very small coupling to
ν’s), and using reasonable assumptions (no cancellation effect in gµ − 2, lepton universality), the U coupling
to electrons can be at most as large as ≃ 1.5 10−3 (for mU < mµ), and is likely to be smaller (e.g. <∼ 3 10−6
mU (MeV), if the U couplings to ν and e are similar). This restricts significantly the detectability of a light U
in e+e− → γ U , in particular. U exchanges can still provide annihilation cross sections of LDM particles of
the appropriate size, even if this may require that light dark matter be relatively strongly self-interacting.
PACS numbers: 12.60.Cn, 13.66.Hk, 14.70.Pw, 95.35.+d, 95.85.Pw LPTENS-06/24
Theories beyond the Standard Model often involve ex-
tended gauge groups, necessitating new spin-1 gauge bosons,
in addition to the gluons, photon, W± and Z . It is usually
believed that they should be heavy (>∼ several hundred GeV’s
at least) or even very heavy, as in grand-unified theories. Still
some could be light, even very light, provided they are, also,
very weakly coupled – and therefore neutral.
We discussed, long ago, the possible existence of such a
new gauge boson called U , exploring in particular limits on
its production and decay (depending on its mass) into e+e− or
νν¯ pairs ...[1]. Such a particle originated from supersymmet-
ric extensions of the Standard Model, which require two elec-
troweak doublet Higgs superfields [2], offering the possibility,
in non-minimal versions [19], of “rotating” independently the
two doublets, i.e. of gauging an extra-U(1) symmetry. The
fact that the effects of such a gauge boson did not show up ex-
perimentally (and a possible connection with gravity through
the massive gravitino) led us to consider that it could be both
light, and very weakly coupled. In any case, independently
of its possible origin, the phenomenology of a light neutral
spin-1 U boson turns out to be quite rich. It could be pro-
duced in qq¯ or e+e− annihilations through processes like
ψ → γ U , Υ→ γ U , K+ → pi+ U , or e+e− → γ U ,
(1)
including even positronium decay, should the U be lighter
than 1 MeV [1, 4]. It could also lead to interesting effects
in neutral-current phenomenology, including neutrino scatter-
ings, anomalous magnetic moments of leptons, and parity-
violation in atomic physics ... [1, 5].
If the extra-U(1) gauge coupling (g”) is very small it looks
like the U will be very weakly coupled. Still the rates for
producing a light U , although seemingly ∝ g”2, would not
necessarily be so small if this particle has axial couplings. In
the low mass and low coupling regime a light spin-1 U bo-
son would then be produced very much like a spin-0 axion,
proportionally to g”2/m 2U (just like a light spin- 32 gravitino,
although gravitationally coupled, would be produced and in-
teract very much like a spin- 1
2
goldstino, proportionally to
κ2/m 2
3/2 [2]). Searches for U bosons, as in the hadronic de-
cays (1), decaying into unobserved νν¯ or light dark matter
particle pairs, then require the extra-U(1) to be broken at a
scale higher than electroweak; and possibly at a large scale if
an extra singlet acquires a large v.e.v., according to a mecha-
nism already pointed out in [1], which also applies to spin-0
axions as well. (Furthermore, if the U were extremely light or
even massless, with extremely small couplings, a new force
could lead to apparent deviations from the 1/r2 law of grav-
ity, and violations of the equivalence principle [6].)
Such a U boson may also play a role in the annihilation
of dark matter particles. While weakly-interacting massive
particles must in general be rather heavy, one may now con-
sider light dark matter (LDM) particles, by introducing new
efficient mechanisms responsible for their annihilations. The
U boson, very weakly coupled but still leading to relatively
“large” annihilation cross sections, may then lead to the right
relic abundance (Ωdm ≃ 22%) for the non-baryonic dark mat-
ter of the Universe; exchanges of charged heavy (e.g. mirror)
fermions could play a role too, for spin-0 LDM particles [7].
U -induced annihilations also allow for a P -wave cross sec-
tion, as useful to avoid a potential danger of excessive γ-ray
production [8] (depending, however, on how this production
occurs and is estimated).
The subsequent observation by INTEGRAL/SPI of a bright
511 keV γ-ray line from the galactic bulge [9] could then be
viewed as a sign of the annihilations of positrons from light
dark matter annihilations [10]. These particles, that could ex-
plain both the non-baryonic dark matter and the 511 keV
line, may have spin 1
2
instead of spin 0 [11]. The new annihi-
lation processes mediated by U exchanges appear as stronger
than weak interactions, at lower energies, while becoming
weaker than weak (and difficult to detect) at higher energies.
The mass of the U boson and its couplings to leptons and
quarks are already strongly constrained, independently of dark
matter. There are also several constraints from cosmology and
astrophysics involving the characteristics of the LDM parti-
cles χ, should the U be responsible for their annihilations.
Dark Matter requirements: i) the total LDM annihilation
cross section at freeze out should be ≃ 4 or 5 pb, to get the
2right relic abundance; more precisely [11]:
<σann vrel/c>F ≃ 4 to 5 pb
{× 2 if LDM not self-conjugate,
× 1
2
if S instead of P -wave ann.
(2)
ii) constraints from the intensity of the 511 keV γ-ray line
from the galactic bulge involve the annihilation cross sec-
tion for χχ → e+e− at low halo velocities, and depend on
whether it is S-wave or P -wave-dominated (with σann vrel ∝
1 or v2, respectively). They are also sensitive to the shape of
the dark matter profiles adopted within the bulge [12, 13].
A S-wave cross section, such that<σχχ→e+e−vrel/c >halo
≈<σχχ→e+e− vrel/c >F ≈ 1 to a few pb [20], would then
necessitate a (relatively) heavier LDM particle, say>∼ 30MeV
(as the LDM number density scales as 1/mχ and the 511
keV emissivity as 1/m2χ), which is probably excluded as we
shall see. A P -wave cross-section, for which <σ vrel>halo
would be much smaller, would require, to get the observed
511 keV signal, a much lighter LDM particle ( ≃ 1
2
to typ-
ically a few MeV), with a rather peaked halo profile [13]
(cf. Fig. 7) [21], or a more clumpy one (in which case the
mass could be higher). Intermediate situations are also pos-
sible for a wide range of LDM masses, with a cross-section
(2) P -wave dominated at freeze-out, later becoming smaller
and ultimately S-wave dominated (or S + P -wave) for low-
velocity halo particles [12, 13] [22].
Other constraints (iii) require that the LDM mass mχ be
sufficiently small (say <∼ 30 MeV), to avoid excessive γ-
rays from inner-bremsstrahlung, bremsstrahlung, and in-flight
annihilations [11, 14]. Constraints (iv) from core-collapse
supernovae require them to be >∼ 10 MeV at least, if they
have relatively “strong” interactions with neutrinos, as they do
with electrons [15]. No further constraints are obtained from
the soft γ-ray extragalactic background that could be gener-
ated by the cumulated effects of LDM annihilations [13].
e+e− → γ U and LDM annihilations: U bosons may
be directly produced in an accelerator experiment, through
e+e− → γ U [4, 7, 16]. The relevant parameters are the
mass mU and the couplings feV and feA to the electron, ex-
pressed in terms of chiral couplings as (feL + feR)/2 and
(feL − feR)/2. The detectability of the process, of order
2
f2eV + f
2
eA
e2
=
f2eL + f
2
eR
e2
( = 2
f2e
e2
) , (3)
as compared to e+e− → γγ, depends essentially on the val-
ues of the U couplings to the electron. At energy E large
compared to mU , one has
dσ (e+e− → γ U) ≃ f
2
eL + f
2
eR
e2
dσ (e+e− → γ γ) , (4)
with dσd cos θ (e
+e− → γ γ) ≃ 4pi α2s ( 1sin2 θ − 12 ) , so that (θ
being now in the [0, pi] instead of [0, pi/2] interval ):
dσ
d cos θ
(e+e−→ γ U) ≃ α (f
2
eL + f
2
eR)/2
s
(
1
sin2 θ
− 1
2
) .
(5)
The U boson can then decay into e+e−, or an invisible
νν¯ or LDM particle pair (the latter being favored for mU >
2mχ) [23]. The possibility of detecting them at current B-
factories or at the φ factory DAΦNE, which could be sensitive
to couplings feR larger than 10−4 − 10−3 (DAΦNE) down
to 3 10−5 − 3 10−4 (B-factories), has been considered re-
cently (the first numbers correspond to 100 % invisible decay
modes, the last to 100 % decays into e+e−) [16]. This analy-
sis, however, ignored that coupling a new gauge boson to eR
but not to νL or eL would necessitate a coupling to a Higgs
doublet, usually inducing mixings between electroweak and
extra-U(1) gauge bosons, and requiring couplings to quarks
as well. It also disregarded very stringent constraints associ-
ated with axial couplings of the U . We would like to discuss
here which values of the couplings to electrons are actually
possible, and under which circumstances.
Annihilation cross sections of LDM particles into e+e− de-
pend on the product cχfe (cχ denoting the U coupling to the
LDM particle χ), as well as on mU and mχ, and more pre-
cisely on cχ fe
m 2
U
−4m 2χ
mχ . To get an annihilation cross section
into e+e− of the order of 4 to 5 pb, times the branching frac-
tion Beeann, as follows from (2), we need (cf. eq. (16) of [11]):
|cχ| (f 2eV + f 2eA)
1
2 ≃ 10−6 |m
2
U − 4m 2χ|
mχ (1.8 MeV)
(Beeann)
1
2 . (6)
For mU = 10 MeV and mχ = 4 MeV (cf. [7]), or 6 MeV,
this would give |cχ fe| ≃ 5 10−6 (or ≃ 3 10−6 if only 40%
of annihilations led to e+e−). For a heavier U we could get
larger couplings, e.g. up to |cχ fe| ≃ 10−2/ (2 mχ(MeV))
for a 100 MeV U .
Discussing, however, limitations on cχfe does not help so
much as we are primarily interested in fe. Dividing it by 10
while multiplying cχ by 10 leaves unchanged the annihilation
cross section at freeze out (and nowadays in the halo); but it
has a crucial effect on the detectability of the U by dividing
its production cross section by 100. In fact, dark matter con-
siderations only play a secondary role, once we have checked
that suitable cross sections can indeed be obtained, with an
appropriate cχ <∼ 1 or in any case
√
4 pi if we would like the
theory to remain perturbative. Still mU should better not be
too large as compared to 2mχ, otherwise the U couplings to
ordinary particles would tend to be too large if cχ is to remain
perturbative. Demanding cχ <
√
4 pi would imply from (6)
fe = (f
2
eV +f
2
eA)
1
2 >∼ 3 10−7
|m 2U − 4m 2χ|
mχ (2 MeV)
(Beeann)
1
2 . (7)
For mU = 10 MeV and mχ = 4 (or 6) MeV, it should then
verify fe >∼ 10−6, with Beeann ≃ 1. For mU = 100 MeV with
mχ = 5 (resp. 15) MeV, fe >∼ 3 10−4 (resp. 10−4); for
mU = 300 MeV with mχ = 15 MeV, fe >∼ 10−3.
Constraints from ge− 2 : for a vector coupling to the
electron, the extra contribution to ae= (ge− 2)/2 is given by
δae ≃ f
2
eV
4 pi2
∫ 1
0
m 2e x
2 (1− x) dx
m 2e x
2 +m 2U (1− x)
≃ f
2
eV
12 pi2
m 2e
m 2U
F (
mU
me
),
(8)
3with F ≃ pi/√3−3/2 ≃ .31; .54, .81, .92, or≃ 1 formU =
me; 2me, 5me, 10me, or large. Satisfying δae ≃ (1.24 ±
.95) 10−11 [17], i.e. − 10−11 <∼ δae <∼ 3 10−11, requires
|feV | <∼ 1.3 10−4 mU (MeV) , (9)
as soon as mU >∼ 2 MeV (the limit being slightly weaker
otherwise). If there is also an axial coupling one gets [1, 5]
δae ≃ f
2
eV − 5 f 2eA
12 pi2
m 2e
m 2U
≃ 3 feL feR − f
2
eL − f 2eR
12 pi2
m 2e
m 2U
,
(10)
which implies, roughly, for mU >∼ a few MeV,
−5 10−9mU (MeV) 2<∼ f 2eV−5 f 2eA <∼ 1.5 10−8mU (MeV) 2.
(11)
While no limit can in general be obtained due to possible com-
pensations, one gets |feA| <∼ 3 10−5 mU (MeV) for an axial
coupling, and |feR| <∼ 7 10−5mU (MeV) for a chiral one [24].
Constraints from gµ−2 : for a U with a vector coupling
to the muon, one has, similarly,
δaµ ≃
f 2µV
4 pi2
∫ 1
0
m 2µ x
2 (1− x) dx
m 2µ x
2 +m 2U (1− x)
≃ f
2
µV
8 pi2
G(
mU
mµ
) ,
(12)
with G ≃ 1, .77, .57, .38, or 2pi/3√3 − 1 ≃ .21, for mU
small, or mµ/10, mµ/4, mµ/2, or mµ. Satisfying δaµ ≃
(2 ± 2) 10−9 , i.e., to be conservative, −2 10−9 <∼ δaµ <∼
6 10−9, leads in this mass range to
|fµV | <∼ (.7 up to 1.5) 10−3 . (13)
In the natural case of a universal coupling to charged leptons,
this limit is more constraining than (9), for mU >∼ 6 MeV.
If the coupling has also an axial part, one has
δaµ ≃
f 2µV
8 pi2
G(
mU
mµ
) − f
2
µA
4 pi2
m 2µ
m 2U
H(
mU
mµ
) , (14)
the second term being associated with an “axionlike” behavior
of the exchangedU boson, when this one is light [1, 5]. More
precisely [25], one has H ≃ 1, 1.18, pi/√3 − 1/2 ≃ 1.31,
or → 5/3, for mU small, mµ/2, mµ, or large, respectively.
A purely axial coupling would then have to verify
|fµA| <∼ 3 10−6 mU (MeV) , (15)
also expressed as f
2
µA
m 2
U
<∼ GF . Similarly, for a U suffi-
ciently light compared to mµ, we would get |fµR| <∼ 6 10−6
mU (MeV) . These limits are more restrictive than those from
ge − 2, by about an order of magnitude.
Taking both ge − 2 and gµ − 2 into consideration and
assuming lepton universality, we get
|flV | <∼
{
1.3 10−4 mU (MeV) (2 MeV< mU <∼ 6 MeV) ,
7 10−4 up to 1.5 10−3 (mU < 100 MeV) ,
or |flA| <∼ 3 10−6 mU (MeV) , (16)
or |flR| <∼ 6 10−6 mU (MeV) in the chiral case. This in gen-
eral decreases, especially for axial couplings, the maximum
production cross section, compared to what could be inferred
from ge − 2 only.
Restrictions from quark couplings: the easiest way
through which a U boson could manifest, and in general be
quickly excluded, would be through flavor-changing neutral
current processes. Fortunately in the simplest cases its cou-
plings to quarks are found to be flavor-conserving, as a con-
sequence of the extra-U(1) gauge symmetry of the (trilinear)
Yukawa interactions responsible for quark and lepton masses,
which naturally avoids prohibitive FCNC processes [6, 18].
Searches for axionlike particles in the decays ψ → γ U ,
Υ → γ U , with the U decaying into unobserved LDM or νν¯
pairs, strongly constrains possible axial couplings to heavy
quarks:
|fcA| <∼ 1.5 10−6mU (MeV) , |fbA| <∼ .8 10−6mU (MeV) ,
(17)
already implying that the extra-U(1) symmetry should be bro-
ken at least somewhat above the electroweak scale [1, 11]; one
may also get, by searching for the decay K+ → pi+U ,
|fsA| <∼ 2 10−7 mU (MeV) . (18)
Experiments looking for parity-violation effects in atomic
physics constrain the product of the axial coupling of the U
to the electron, times its (average) vector coupling to a quark,
to be very small, typically |feA fqV |
m 2
U
<∼ 10−3 GF , or more
precisely [5]:
−1.5 10−14 mU (MeV)2 <∼ feA fqV <∼ .6 10−14mU (MeV)2.
(19)
These limits, valid in the local limit approximation for
mU ≥ 100 MeV, should be multiplied by a corrective factor
K−1(mU ) ≥ 1, which is about 2 for mU of a few MeV’s.
Axial couplings to the electron that would approach a few
times 10−5 mU (MeV), as considered previously (only from
ge − 2), would require the effective vector coupling to quarks
to be extremely small, |fqV | <∼ 10−9 mU (MeV) . More
conservatively, having |feA| >∼ 10−6 mU (MeV) (as consid-
ered most of the time in [16]) would require |fqV | <∼ a few
10−8 mU (MeV), still very restrictive.
A simple way to satisfy automatically such stringent limits
on axial couplings would be to consider situations, natural in
a number of models, in which the U couples to leptons and
quarks in a purely vectorial way [6, 18].
Other constraints on lepton couplings: but maybe the
U does not couple to quarks at all ? As quarks and leptons usu-
ally acquire their masses through trilinear Yukawa couplings
to the same Higgs doublet (or doublet pair, in a supersym-
metric theory), demanding that the extra U(1) does not act on
quarks implies that it does not act on Higgs doublets either,
leading to a U current proportional to the leptonic current (or
to Le, or Le −Lµ, or Le −Lτ , ...), plus an additional dark
matter contribution.
4But we still have to take into account another stringent con-
straint in the purely leptonic sector, namely, from low-|q2| ν-e
scattering, fν fe
m 2
U
<∼ GF , for mU larger than a few MeV’s
[7]. If the U couplings to e’s and ν’s, fe and fν , are taken to
be equal (or of the same order) they would have to verify
fe <∼ 3 10−6 mU (MeV) , (20)
which is about 3 10−5 at 10 MeV, reducing further (compared
to the ≈ 10−4 mU (MeV) of (9) or ≈ 10−3 of (16)) the hopes
of detecting a light U in e+e− annihilations); up to ≈ 10−3
at 300 MeV. This upper limit (20) is still larger than the lower
one (7) from the annihilation cross section, using the require-
ment that the coupling to χ remains perturbative (unless mU
is taken too large as compared to 2mχ).
Z-U mixing effects: one may also satisfy the above lep-
tonic constraint while allowing for larger couplings to elec-
trons by having very small or vanishing couplings to ν’s.
This requires taking into account, to our advantage, mixing
effects between the Z and U , as the extra U(1) should now
act on Higgs fields as well. The Higgs v.e.v.’s then in gen-
eral induce a mixing between the standard Z and the extra-
U(1) gauge field. This mixing remains tiny as the extra-U(1)
coupling is very small, and does not significantly affect the
Z , while the U current picks up an extra part proportional to
Jµ3− sin2 θ Jµem [6, 18] . The vector part in the U current then
normally appears as a combination of the B, L and electro-
magnetic currents; the axial part may well be completely ab-
sent, depending on the theory considered (there is of course,
in addition, an extra LDM part). This provides a favorable
situation, in view of having “large” (vectorial) couplings to
electrons, bounded by (16).
If, however, the U couplings to electrons and neutrinos
turn out to be similar, they should again verify as in (20)
fe <∼ 3 10−6 mU (MeV) , much more constraining than the
≈ 10−4 mU (MeV) of (9) from ge − 2. Still a 100 MeV (300
MeV) U would allow for a coupling to the electron of up to
≈ 3 10−4 (resp. 10−3), that could be detectable, especially if
the U decays invisibly into χχ pairs.
In summary, constraints which do not involve dark mat-
ter directly, as from an axionlike behavior of a U boson, or
atomic-physics parity-violation, as well as Z-U mixing ef-
fects, cannot be ignored. A favorable situation is obtained
when couplings to quarks and leptons are vectorial, with –
thanks to Z-U mixing effects – a much smaller coupling to
neutrinos than to electrons [18] (as also useful to obey the su-
pernovae constraint on lighter dark matter particles [15]). The
g − 2 constraints (16), in the absence of cancellations, allow
for a vectorial coupling to charged leptons of up to ≈ (.7 to
1.5) 10−3 for mU < mµ (from gµ− 2 assuming lepton uni-
versality). Having f 2e <∼ 10−5 e2 makes the detection of U
production in e+e− colliders difficult. The prospects for ac-
tually producing and detecting such very weakly coupled U
bosons in e+e− → γ U , as well as in other reactions, appear
as challenging. Still efforts should be pursued in this direc-
tion.
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